Abstract
Introduction

28
The central role of T cells in the adaptive immune response 1 , both humoral and cytotoxic, is 29 mediated by T-cell receptors (TCRs), which are responsible for self/non-self distinction and 30 foreign antigen recognition in the context of the major histocompatibility complex (MHC).
31
TCRs are heterodimeric membrane proteins formed by two chains-α and β. The variability of
32
TCRs, necessary to ascertain specificity and robustness for interaction with different 33 antigens, is generated similarly to that of immunoglobulins-that is, by a random, somatic 
55
The composition and size of the TCR repertoire is crucial for a successful immune 56 response 7-9 ; however, its enormous diversity has long impeded in-depth study of estimation of TCR repertoire size was undertaken using a protocol that incorporated UMIs.
98
Results
99
Qualitative description of the bank vole TCRβ repertoire
100
Using 5′ RACE and Illumina paired-end 300-bp MiSeq sequencing ( Supplementary Fig. S1 ) ,
101
we obtained a full variable region of TCRβ chains from seven bank voles, from which V and
102
J segments were extracted. In this section, we describe phylogenetic comparison of these 103 segments with mouse genes, which also served as a basis for naming of the bank vole loci.
104
Furthermore, we analysed V-J segment usage and CDR3 length distribution.
105
V and J segment identification and naming
106
Despite long evolutionary distances between murine and vole sequences, orthologous BV_TRBV13-1 (Fig. 4a) , and BV_TRBJ1-1, BV_TRBJ1-4 (Fig. 4c) . Accordingly, seven individuals is shown in Supplementary Fig. S7 .
158
The CDR3 lengths had a bell-shaped distribution and ranged from 5 to 18 amino acids
159
(15-54 nt). The median length equals 12 amino acids, 71% of unique CDR3 sequences had a 160 length of 11-13 amino acids, and 90% of CDR3s had length ranging from 10 to 14 amino 161 acids (Fig. 4e) . In silico spectratypes with V and J segments are shown in Supplementary Fig that in four samples we directly observed up to 86% splenic TCRβ CDR3 sequences.
195
In our size-estimation protocol, we sub-sampled amplicons to control for differences Table S3) .
217
Discussion
218
Taking advantage of advances in HTS, we were able to characterize, for the first time, the 219 TCR repertoire of a non-model rodent. We described V and J gene segments in the bank vole, The TCRβ repertoire for seven individuals (s01-s07) was analysed and described, as detailed Table S6 ).
403
Read sub-sampling, TCRβ V and J segments extraction, and retrieval of consensus V 
417
On average, 91% of the analysed reads (range: 87%-94%) contained both protein patterns.
418
AmpliTCR discards sequences containing unspliced introns, frameshift indels, and premature Table   440 S1, all retrieved bank vole alleles are in the Supplementary Files S1 and S2). The orthology more than 90% identity to any of the reference sequences provided.
466
The CDR3 region is defined as the sequence between the last conserved Cys in the V 467 segment and one residue (3 nt) before the first conserved Gly in the J segment. 55% of the pre-processed reads (44%-63%). Finally, the AmpliCDR3 filters putatively non-474 functional CDR3 sequences (shorter than 15 bp and longer than 54 bp, containing frameshift 475 indels and PTCs). After filtering, on average, 85% of the reads were retained (75%-89%).
476
Although the remaining sequences likely still contain substitution errors introduced during
477
PCR or sequencing, they should not significantly affect the descriptive characterization of the Fig. S1 ), but retrieved the UMI, the entire CDR3 and J segment, as 492 well as the partial V segment.
493
Read sub-sampling, CDR3 region identification, and filtering with AmpliCDR3
494
To control for differences in sequencing depth that might influence the number of retrieved 495 variants, we subsampled pre-processed reads up to 1.5 mln. Rarefaction curves analysis
496
showed that, at this point, the number of new CDR3 sequences found within an amplicon 497 started to plateau, such that our sub-samples likely captured most of the CDR3 diversity 498 within an amplicon ( Supplementary Fig. S10 ).
499
CDR3 region identification and filtering was undertaken with AmpliCDR3, as BV_TRBJ1-4*01 TRBJ1-4*01 BV_TRBJ2-2*01 TRBJ2-2*01 BV_TRBJ1-1*01 TRBJ1-1*01 BV_TRBJ2-3*01 TRBJ2-3*01 BV_TRBJ2-7*01 TRBJ2-7*01 BV_TRBJ1-2*01 TRBJ1-2*01 BV_TRBJ2-4*01 TRBJ2-4*01 BV_TRBJ2-5*01 TRBJ2-5*01 TRBJ1-6*01(ORF) BV_TRBJ2-1*01 TRBJ2-1*01 BV_TRBJ1-3*01 TRBJ1-3*01 BV_TRBJ1-5*01 TRBJ1-5*01 bank vole genes murine functional genes murine pseudogenes and genes in an ORF but with alterations in regulatory elements or splice sites 
